Abstract Headache is a common symptom in stroke, however the frequency, location, duration and other characteristics of the patients who developed headache during stroke are difficult to define. We studied headache characteristics in patients with first-ever acute stroke (hemorrhagic or ischemic) or transient ischemic attack (TIA) and assessed the relationship between headache, stroke location, and etiology. The study included 104 consecutive patients (mean age 55.8±0.8 years; range, 40-70 years) admitted with acute stroke. Eleven patients had TIA, 70 ischemic stroke, and 23 hemorrhagic stroke. Headache was reported in 37 patients (35.6%) and was more common in hemorrhagic stroke compared to ischemic stroke or TIA (p<0.05). Headache was present in 26.8% of the patients with anterior circulation stroke and in 62.5% of the patients with posterior circulation stroke (p=0.006). No relationship was found between the size of the lesion detected by computed tomography and the presence of headache.
or (occipital)], pain quality (pulsating or stabbing), and accompanying symptoms of headache (nausea, vomiting, photophobia, and phonophobia). "Sentinel headache" was defined as a headache noted by the patient 15 days before stroke onset, and "onset headache" as a headache reported by the patient at stroke onset or on the same day of stroke onset. "Sentinel-onset headache" occurred before and during stroke onset, and "late-onset headache" is that reported by patients 2 or more (≤7) days after stroke onset.
We correlated the presence of headache with the size of the lesion on CT scan considering ASPECT criteria, with 7 being the cut-off point [8] because infarct was defined as a visible lesion on CT scan and <1 cm.
Statistical analysis was carried out by using the chi-squared test and Fisher's exact test when appropriate: p<0.05 was considered statistically significant.
Results
The study included 104 consecutive patients (mean age 55.8±0.8 years; range, 40-70 years) admitted with acute stroke (Table 1) . Eleven patients had TIA, 70 ischemic stroke, and 23 hemorrhagic stroke. Headache was reported in 37 patients (35.6%): 15 (40.5%) had sentinel headache (mean time, 7.8±3.1 days before stroke onset), 18 had onset headache, 4 had sentinel-onset headache and no patients had late-onset headache. Patients with headache were more likely to be males (p<0.005) and to be intellectual rather than manual workers (p<0.01). Hemorrage was more frequently observed as the pathology of stroke among patients with headache than among headache-free patients (p<0.05), while there was no difference in the distribution of stroke or TIA between the two groups.
Headache was present in 26.8% of the patients with anterior circulation stroke and in 62.5% of the patients with posterior circulation stroke (p=0.006). Among the 37 stroke patients with headache, the location of pain was anterior in 45.9%, posterior in 21.6%, and diffuse in 32.4% (Table 2) . Frontal, temporal, or parietal headache was present in 84.2% of the patients with anterior stroke, whereas occipital headache was present in 85.7% of the patients with posterior stroke. The low number of the patients with headache did not permit any correlation between the characteristics of the pain and the accompanying symptoms when considering hemorrhagic and ischemic strokes separately. Thirty (17 women) of the 37 patients had a history of headache (according to IHS criteria [9] , 21 (57%) patients had tension-type headache, 8 had migraine and 1 had another type of headache); of these, 16 patients had headache during stroke. No relationship between the characteristics of strokeinduced headache and the type of previous headache was found in the patients with a history of headache. In 17 (21.0%) of the 81 patients with ischemic stroke or TIA, CT showed no abnormality. In the other patients, no relationship was found between the size of the lesion detected by CT and the presence of headache: 24.1% of patients with headache had an ASPECT score <7 on CT scan in comparison to 32.8% of patients without headache. Eleven patients (47.8%) with ischemic stroke and headache had lacunar infarcts in comparison to 24 (51.1%) with ischemic stroke without headache.
Discussion
Our study confirms that headache is a relatively common phenomenon in cerebrovascular disease. Headache was present in more than one-third of 104 patients with acute stroke and was much more common among patients with cerebral hemorrhage than in patients with stroke or TIA. Fifty-two percent of the patients with cerebral hemorrhage had headache during stroke; these results are similar to those of a previous report [10] .
Headache was much more common among patients with cerebrovascular disease in the posterior circulation than in patients in whom the anterior circulation was involved. This can be attributed to the richer innervation of the vessels by nociceptive afferents in the posterior circulation than in the anterior circulation as suggested by several authors [1, 11, 12, 15] .
In patients with unilateral cerebral lesions and unilateral headache, the headache in most cases was ipsilateral to the cerebral lesion. This observation suggests that headache is linked to an activation of the ipsilateral nociceptive cerebral afferents. Diffuse headache was present in 32.4% of the patients and bilateral in 78.4%. The organization of the trigeminovascular system may help to explain why headache, like other visceral pains, cannot be properly located or is bilateral, following an intracranial focal lesion. This may be due to the fact that the receptive fields of the trigeminal neurons are wide and frequently include bilateral intracranial structures [13] . Headache during stroke seems to be induced through the activation of the trigeminovascular system [11] . It is not clear which factors contribute to the activation of the trigeminal system in causing headache. They may include substances produced from endothelium of the cerebrovasculature or from damaged brain tissue such as bradykinins, nitric oxide or vasoactive peptides released from trigeminal endings such as calcitonin gene-related peptides and substance P. They can contribute to increase the nociceptive input to the brain resulting in head pain. If this peripheral mechanism is preferentially taken into account to explain pain in the cerebrovascular diseases, other mechanisms could be implicated, such as spreading depression in the vicinity of the ischemic lesion area, which can putatively intervene in triggering and maintaining head pain.
A history of headache was associated with the presence of stroke-associated headache. Data from the literature provide conflicting information in this respect [1, 2, 12] , but recent studies indicate that in acute stroke, headache is often a reactivation of the patient's usual type of headache and that ischemia can trigger a flurry of migraine episodes [14] . In this study, 56% of patients with a history of headache had tension-type headache. Previous reports [1, 15] suggest that headache during stroke may be caused by a release of vasoactive substances (similar in migraine attacks) in the trigeminovascular system, but the same release of these vasoactive substances seems to have an important role in the multifactorial pathogenesis of tension-type headache [16] .
No relationship was found between the size of the lesion detected by CT scan and the presence of headache. Also, lacunar infarcts were found in 47.8% of patients with ischemic stroke and headache. This suggests that ischemia and parenchymatous damage per se are not the main factors inducing headache. Other authors [12] explained this result with the notion that mechanisms at the surface of the brain (for example, the vasculature) may play a role in pain genesis.
In our study we found that headache started before stroke (sentinel headache) in 40.5% of the study subjects. This observation is in accordance with previous studies [2, 3, 12] and indicates that headache in stroke often has an organic rather than a psychogenic etiology. Stroke could be a result of a long pathological vascular process, in which headache merely serves as a warning sign of ischemic stroke.
The limitation of our study, considering the subgroups separately (patients with TIA, ischemic or hemorrhagic stroke), is the low number of the patients enrolled which does not permit an accurate analysis.
In conclusion, headache was present in 35.6% of the patients with cerebrovascular disease and was more common in hemorrhagic stroke compared to ischemic stroke or TIA. Headache was much more common among patients with cerebrovascular disease in the posterior circulation than in patients in whom the anterior circulation was involved.
